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PURPOSE: To form a specific compound single crystal thin film which has a 
uniform composition and a uniform carrier concentration with a good 
reproducibility by putting three kinds of materials, one selected from Mg, 
MgS and MgSe, and ZnSe and ZnS, into different heating and evaporating 
sources and controlling the temperature and molecular beam intensity of 
the sources. 

CONSTITUTION: Three kinds of materials, one selected from Mg. MgS. and 
MgSe. and ZnSe and ZnS. are put into different heating and evaporating 
sources 1-6 which are located in an MBE equipment. The back pressure in 
the equipment is kept at the order of 10-8-1 0-1 0-Torr by means of a 
vacuum pump. Temperatures and molecular beam intensities of the heating 
and evaporating sources 1~6 are controlled to specific values. By this 
m thod. a Zn1-YMgYSZSe1-Z (0<Y<1 and 0<Z<1) single crystal thin film 
can be formed uniformly on a heated substrate 10 with a good 
reproducibility. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has b en translated by comput r.So the translation may not r fl ct the original pr cis ly. 

2. **** shows the word which can not b translated. 
3.1n the drawings, any words are not translat d. 



CL AIMS 

[Claim(s)] 

[Claim 1] Any one material chosen from the group which consists of Metal Mg, a MgS compound, and a MgSe compound, 
Th process which fills up a separate heating evaporation source with a ZnSe compound and a ZnS compound, respectiv ly, 
and by controlling the temperature and molecular-beam intensity of this heating evaporation source The crystal-growth 
method which includes the process which carries out the crystal growth of the Zn1-YMgYSZSe1-Z (0< Y<1 and 0< Z<1) 
single crystal thin film on the heated substrate. 

[Claim 2] Any one material chosen from the group which consists of Metal Mg. a MgS compound, and a MgSe compound, 
Th proc ss which fills up a separate heating evaporation source with ZnSX'Se1-X' (0<X'<1) mixed crystal, respectively, 
and by controlling the temperature and molecular-beam intensity of this heating evaporation source The crystal-growth 
m thod which includes the process which carries out the crystal growth of the Zn1-YMgYSZSe1-Z (0< Y<1 and 0< Z<1) 
single crystal thin film on the heated substrate. 

[Claim 3] The crystal-growth method which includes the process which carries out the crystal growth of the Zn1- 
YMgYSZSel-Z (0< Y<1 and 0< Z<1) single crystal thin film on the process which fills up a heating evaporation source with 
Zn1-Y'MgY'SZ'Se1-Z' (0<Y'<1 and 0<Z'<1) mixed crystal, and the substrate heated by controlling the temperature and 
molecular-beam intensity of this heating evaporation source. 

[Claim 4] Zn1-Y'MgY'SZ'Se1-Z' (the crystal-growth method according to claim 3 to which the aforementioned heating 

vaporation source is filled up with the mixed crystal of 0.02 <=Y'<=0.08 and 0.30 <=Z'<=0.60, and the crystal growth of the 
Zn1-YMgYSZSe1-Z (0.05<=Y<=0.15 and 0.10<=Z<=0.25) single crystal thin film is carried out.) 

[Claim 5] The crystal-growth method which includes the process which carries out the crystal growth of the ZnSXSe1-X 
(0< X<1) single crystal thin film on the process which fills up a separate heating evaporation source with a ZnSe compound 
and a ZnS compound, and the substrate heated by controlling the temperature and molecular-beam intensity of this heating 
evaporation source. 

[Claim 6] The crystal-growth method which includes the process which carries out the crystal growth of the ZnSXSe1-X 
(0< X<1) single crystal thin film on the process which fills up a heating evaporation source with ZnSX'Sel-X* (0<X'<1) mixed 
crystal, and the substrate heated by controlling the temperature and molecular-beam intensity of this heating evaporation 
source. 

[Claim 7] The crystal-growth method according to claim 6 of filling up a heating evaporation source with ZnSX'Sel— X' (0.08 
<=X'<=0.40) mixed crystal, and carrying out the crystal growth of the ZnSXSe1-X (0.03<=X<=0.10) single crystal thin film on 
the heat d substrate. 

[Claim 8] The crystal-growth method of carrying out the crystal growth of the Zn1-WCdWSe (0< W<1) single crystal thin 
film on the process which fills up a separate heating evaporation source with any one material chosen from the group which 
consists of a metal Cd and a CdSe compound, and ZnSe combination, respectively, and the substrate heated by controlling 
the t mperature and molecular-beam intensity of this heating evaporation source. 

[Claim 9] The crystal-growth method which includes the process which carries out the crystal growth of the Znl— WCdWSe 
(0< W<1) single crystal thin film on the process which fills up a heating evaporation source with Znl-W'CdW'Se (0<W<1) 
mix d crystal, and the substrate heated by controlling the temperature and molecular-beam intensity of this heating 
vaporation source. 

[Claim 10] The crystal-growth method given in any of a claim 1 to the claim 9 which sets up the temperature of the 
substrate which carried out [ aforementioned ] heating within the limits of 100 to 400 degrees C they are. 
[Claim 11] The manufacturing method of the semiconductor device which includes the process which forms a single crystal 
thin film using the crystal-growth method according to claim 1 to 9. 

[Claim 1 2] The manufacture method of the semiconductor device which forms the quantum well layer which consists of a 
Znl-WCdWSe (0< W<1) single crystal thin film using the crystal-growth method according to claim 8 or 9, forms the barrier 
layer which consists of a ZnSXSe1-X (0< X<1) single crystal thin film using the crystal-growth method according to claim 5 
or 6, and forms a quantum well barrier layer by it. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the growth method of a Zn1-YMgYSZSe1-Z (it abbreviates to "ZnMgSSe" 
h reafter) single crystal thin film, a ZnSXSel-X (it abbreviates to "ZnSSe" hereafter) single crystal thin film, and a Zn1- 
WCdWSe (it abbreviates to "ZnCdSe" hereafter) single crystal thin film, and the manufacture method of a semiconductor 
d vice of having used this growth method for the row. 
[0002] 

[Description of the Prior Art] ZnMgSSe, ZnSSe, and ZnCdSe attract attention as a material of the II-V group 
semiconductor laser which emits bluish green colored light. The single crystal semiconductor thin film which consists of 
such mat rial is formed by the molecular beam epitaxy (it abbreviates to "MBE" hereafter) method. Drawing .1. shows the 
outlin composition of MBE equipment. Metal Zn, Metal Cd, Metal Mg, Metal Se, Metal Te, a ZnS compound, ZnCI2 
compound, and N2 gas are used for the crystal growth by this MBE equipment as a raw material. 

[0003] When growing up a ZnMgSSe single crystal thin film by the MBE method, after filling up four independent heating 
vaporation sources with four kinds of raw materials, Metal Zn, Metal Mg, Metal Se, and a ZnS compound (or S simple 
substance), according to the conventional technology, four kinds of molecular beams are simultaneously irradiated from 
each heating evaporation source to a substrate. MBE equipment is equipped with the exhaust, a substrate heating 
m chanism, two or more heating evaporation sources, and the plasma cell although not illustrated, the grown method of 
such a single crystal thin film — for example, H.Okuyama et al. Journal of Crystal Growth Vol.1 17 pp.1 39-143. and — S.Ito 

t al. Japanese Journal of Applied Physics Vol.32 and pp.L1530-L — it is indicated by 1532 and 1993 
[0004] When growing up a ZnSSe single crystal thin film by the MBE method, after filling up three independent heating 
evaporation sources with three kinds. Metal Zn, Metal Se, and a ZnS compound, three kinds of molecular beams are 
simultaneously irradiated from each heating evaporation source to a substrate, the grown method of such a single crystal 
thin film — for example, W.Xie et al.Applied Physics Letters Vol.60 and pp.1999- it is indicated by 2001 and 1992 
[0005] When growing up the ZnCdSe single crystal thin film which forms a quantum well by the MBE method, after filling up 
thre independent heating evaporation sources with three kinds. Metal Zn, Metal Se, and Metal Cd, three kinds of molecular 
b ams are simultaneously irradiated from each heating evaporation source to a substrate, the grown method of such a 
single crystal thin film — for example, W.Xie et al.Applied Physics Letters Vol.60 and pp.463- it is indicated by 465 and 
1992 
[0006] 

[Problem(s) to be Solved by the Invention] The conventional MBE method has much number of the evaporation source us d 
at the time of a crystal growth. This is because it is necessary to control the molecular-beam intensity of each composition 

lem nt of the thin film independently of other molecular-beam intensity, and to determine the optimal intensity ratio in 
order to obtain the single crystal thin film excellent in crystallinity. Since the rates which the molecule of a molecular beam 
adh r s to a substrate and contributes to a crystal growth differ for every composition element, they need to adjust the 
int nsity for every, molecular beam. For example, when it is going to obtain the GaAs single crystal thin film excellent in 
crystallinity by the MBE method, the ratio (V/ID ratio) of the intensity of As molecular beam and the intensity of Ga 
molecular beam is made desirable [ that it is within the limits of about 10 to 20 ]. According to the conventional MBE 
method, composition and carrier density are in the field of a thin film, and/or there is a problem of changing in the depth 
direction or changing for every thin film growth process. For this reason, it is difficult for composition and carrier density to 
obtain a uniform single crystal thin film with high repeatability. These problems obstruct manufacturing the device which 
contains a ZnMgSSe single crystal thin film, a ZnSSe single crystal thin film, or a ZnCdSe single crystal thin film as a 
component with sufficient repeatability by the low cost. 

[0007] The place which it is made in order that this invention may solve the above-mentioned technical problem, and is 
made into the purpose has composition and carrier density in offering the manufacture method of the semiconductor device 
using the crystal-growth method of the crystal-growth method ****** which can form a uniform single crystal thin film with 
high r peatability. 
[0008] 

[Means for Solving the Problem] Any one material chosen from the group which the crystal-growth method of this invention 
b comes from Metal Mg, a MgS compound, and a MgSe compound. The process which fills up a s parat heating 
vaporation source with a ZnSe compound and a ZnS compound, resp ctiv ly. and by controlling the temperature and 
molecular-beam intensity of this h ating vaporation source The process which carri s out the crystal growth of the Zn1- 
YMgYSZSe1-Z (0< Y<1 and 0< Z<1) single crystal thin film on the h ated substrate is included, and the above-mentioned 
purpose is attained by that. 

[0009] Any one material chosen from the group which other crystal-growth methods of this invention b come from M tal 
Mg, a MgS compound, and a MgSe compound, The process which fills up a separate h ating evaporation source with 
ZnSX'Se1-X* (0<X'<1) mixed crystal, respectively, and by controlling the temperature and molecular-beam intensity of this 
h ating evaporation source The process which carries out the crystal growth of the Zn1-YMgYSZSe1-Z (0< Y<1 and 0< 
Z<1) single crystal thin film on the heated substrate is included, and the above-m ntioned purpose is attained by that, 
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[0010] Other crystal-growth m thods of this inv ntion the proc ss which fills up a heating evaporation source with Zn1- 
Y'MgY'SZ'Se1-Z' (0<Y'<1 and 0<Z'<1) mixed crystal, and by controlling the t mp rature and molecular-b am intensity of 
this heating vaporation source Th process which carri s out th crystal growth of the Zn1-YMgYSZS 1-Z (0< Y<1 and 
0< Z<1) single crystal thin film on the heat d substrat is includ d, and th above-mentioned purpos is attained by that. 
[0011] Preferably, it is Zn1-Y'MgY'SZ'Se1-Z' (the aforementioned heating evaporation source is fill d up with the mixed 
crystal of 0.02 <=Y'<=0.08 and 0.30 <=Z'<=0.60, and the crystal growth of the Zn1 -YMgYSZSel -Z (0.05<=Y<=0.15 and 
0.10<= : Z<=0.25) singl crystal thin film is carried out.). 

[0012] Other crystal-growth m thods of this invention include the proc ss which carries out the crystal growth of the 
ZnSXSel-X (0< X<1) single crystal thin film on th proc ss which fills up a s parat heating vaporation source with a 
ZnS compound and a ZnS compound, and the substrate heated by controlling the temperature and mol cular-beam 
intensity of this heating evaporation source, and the above-mentioned purpose is attained by that. 
[0013] Other crystal-growth methods of this invention include the process which carries out the crystal growth of the 
ZnSXS 1-X (0< X<1) single crystal thin film on the process which fills up a heating evaporation source with ZnSX'Sel- 
X' (0<X'<1) mixed crystal, and the substrate heated by controlling the temperature and molecular-beam intensity of this 
heating evaporation source, and the above-mentioned purpose is attained by that. 

[0014] Preferably, a heating evaporation source is filled up with ZnSX'Se1-X' (0.08 <=X'<=0.40) mixed crystal, and the 

crystal growth of the ZnSXSe1-X (0.03<=X<=0.10) single crystal thin film is carried out on the heated substrate. 

[0015] Any one material chosen from the group which other crystal-growth methods of this invention become from Metal 

Cd and a CdSe compound, The process which fills up a separate heating evaporation source with ZnSe combination, 

r sp ctiv ly, and by controlling the temperature and molecular-beam intensity of this heating evaporation source The 

proc ss which carries out the crystal growth of the Znl-WCdWSe (0< W<1) single crystal thin film on the heated substrate 

is includ d, and the above-mentioned purpose is attained by that. 

[0016] The process which fills up a heating evaporation source with Zn1-W'CdWSe (0<W<1) mixed crystal, and by 
controlling the temperature and molecular-beam intensity of this heating evaporation source, the process which carries out 
the crystal growth of the Zn1-WCdWSe (0< W<1) single crystal thin film on the heated substrate is included, and the 
above-mentioned purpose is attained by that. 

[0017] Pr ferably, the temperature of the substrate which carried out [ aforementioned ] heating is set up within the limits 
of 100 to 400 degrees C. 

[001 8] The manufacture method of the semiconductor device of this invention includes the process which forms a single 
crystal thin film using the aforementioned crystal-growth method. 

[0019] The manufacture method of other semiconductor devices of this invention forms the quantum well layer which 
consists of a Zn1-WCdWSe (0< W<1) single crystal thin film using the aforementioned crystal-growth method, forms the 
barrier layer which consists of a ZnSXSe1-X (0< X<1) single crystal thin film using the aforementioned crystal-growth 
method, and forms a quantum well barrier layer by it. 
[0020] 

[Function] It faces carrying out the crystal growth of the ZnMgSSe single crystal thin film by the MBE method, and adopts 
any of the combination of the raw material shown in following the (1) - (3) they are in this invention. 
[0021] (1) Three kinds (the gap chosen from the group which consists of Metal Mg, a MgS compound, and a MgSe 
compound, one and a ZnSe compound, and a ZnS compound). 

[0022] (2) The gap chosen from the group which consists of Metal Mg, a MgS compound, and a MgSe compound, one, and 
two kinds of ZnSSe mixed crystal. 
[0023] (3) ZnMgSSe mixed crystal. 

[0024] Although it was thought by the conventional MBE grown method that four kinds (Zn, Se, Mg, ZnS. or S) of raw 
mat rials were required, 1—3 kinds of raw materials are used in this invention. The separate heating evaporation source was 
fill d up with a number near the number of the composition elements conventionally contained in the single crystal thin film 
which should be grown up of raw materials, and it was thought that it was necessary to adjust the molecular-beam intensity 
of ach raw material individually. However, according to the crystal-growth method of this invention, the outstanding 
crystaliinity is acquired even if it uses the compound of a composition element as a raw material of a molecular beam. The 
reason is that ZnMgSSe, and ZnSSe and ZnCdSe which are mentioned later have the property in which it can grow up to be 
the thin film which was excellent in crystaliinity even if the ratio of the molecular-beam intensity of II group element and VI 
group element molecular-beam intensity was not greatly different unlike GaAs etc. this invention was completed based on 
such n w knowledge by the invention-in-this-application person. 

[0025] As a result of reducing the number of the raw materials with which each heating evaporation source of MBE 

quipm nt is filled up according to this invention, it excels in the composition repeatability of the obtained single crystal 
group thin film. That is, the homogeneity within a field of the grown-up single crystal thin film, the homogeneity of the 
dir ction of thickness, and the repeatability for every lot are excellent. Moreover, a VI/II ratio is fixed to 1 (value smaller 
than 1 when Metal Mg is used) spatially and in time for that there are few raw materials and using the II— VI group compound 
for many of raw materials. Consequently, the repeatability of n type or p type carrier density is improving. Although 
oxidization of Metal Mg poses a problem as a raw material of Mg when Metal Mg is used, the problem of such oxidization can 
be r duced by using a MgS compound or a MgSe compound as a raw material. 

[0026] It fac s carrying out the crystal growth of th ZnSSe single crystal thin film, and adopts any of th combination of 
the raw material shown in following (1) and (2) th y are in this invention. 
[0027] (1 ) Two kinds (a ZnSe compound and a ZnS compound). 

[0028] (2) Although only ZnSSe mixed crystal was consider d that three kinds (Zn. Se. ZnS) of raw materials are 
conventionally requir d, use 1-2 kinds of raw materials in this invention. 

[0029] Since this inv ntion has few raw mat rials than before, it xcels in composition r peatability. Th r are few raw 
materials, mor ov r, since the II— VI group compound is used for all raw materials, it is fixed to 1 spatially in time, and the 
repeatability of a VI/II ratio of n type or p type carri r density improv s. It faces carrying out the crystal growth of the 
ZnCdSe single crystal thin film, and adopts any of the combination of the raw material shown in following (1) and (2) they 
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are in this inv ntion. 

[0030] (1) Any one of Metal Cd oc.th Cd$e compounds, two kinds of ZnSe compounds. 
[0031] (2) Only ZnCdSe mixed crystal. 

[0032] Although it was thought that thr kinds (Zn, Se, ZnS) of raw materials wer conv ntionally required, in this 
invention, 1-2 kinds of raw mat rials ar used. Sine this invention has few raw materials than before, it excels in 
composition repeatability. 
[0033] 

[Example] Drawing 2 shows the outline composition of the MBE quipment us d for formation of th s miconductor thin 
film by this invention. With the MBE quipment of drawing 2 , a ZnSe compound, a CdSe compound. Metal Mg, a ZnTe 
compound, a ZnS compound, ZnCI2 compound, and N2 gas are used as a raw material. The s parat h ating evaporation 
sources 1-6 prepared in MBE equipment are filled up with raw materials other than N2 gas. Nitrogen gas is supplied from a 
bomb 81, and it is used in order to generate the active nitrogen for p type doping. The active nitrogen is obtained by 
discharging nitrogen gas by the plasma cell 8 (for example, KOhkawa et al.Japanese Journal of Applied Physics Vol.30, 
pp.L1 52-L1 55. 1991.). In MBE equipment, the substrate heating mechanism 9 for heating and maintaining a substrate 10 to 
pr d t rmined temperature is established. Although the back pressure of MBE equipment becomes 10-8 - a 10-10Torr 
base with a vacuum pump, since nitrogen gas is introduced while performing p type doping, the degree of vacuum in MBE 
quipment is in the range of 1x10-5Torr to 1x10-8Torr. 
[0034] Growth of a ZnSe single crystal thin film is taken for an example for simplification, and the fundamental mechanism 
of th crystal growth by this invention is explained first. 

[0035] By the crystal-growth method of this invention, a ZnSe single crystal thin film is grown up by using a ZnSe 
compound as a raw material. For this reason, the ratio ( JSe/JZn; Flux Ratio) of the molecular-beam intensity (Zn atomic 
number which flies to 2 1cm in JZn; 1 second) of Zn, and the molecular-beam intensity (Se atomic number which flies to 2 
1cm in JSe; 1 second) of Se is fixed to 1. On the other hand, if a separate heating evaporation source is filled up with Metal 
Zn and Metal Se and it enables it to adjust the intensity of each molecular beam arbitrarily, the ratio (JSe/JZn) of the 
mol cular-beam intensity of Zn and the molecular-beam intensity of Se may be set as any value. 

[0036] the case where drawing 9 fills up a separate heating evaporation source with Metal Zn and Metal Se — setting — 
the crystallinity of a thin film — a ratio — it is shown how it changes to JSe/JZn and substrate temperature the graph of 
drawing 9 — KMenda et al.Japanese Journal of Applied Physics Vol.26 and L — it is reported to 1326 and 1987 
[0037] Setting to drawing 9 , O mark is Reflection. High-Energy Electron Expressing the conditions from which a Diffraction 
(RHEED) pattern is set to c (2 x2). - mark expresses the conditions from which a RHEED pattern is set to (1x2). In Fi Ids I 
and III. a RHEED pattern becomes streak-like, and in Field II, although a RHEED pattern becomes streak-like in early stages 
of growth, if growth is continued, it will serve as SUPOTTI. SUPOTTI or the pattern of V characters means that irregularity 
is shown in the front face under growth. The molecular-beam intensity ratio shows that a RHEED pattern [ SUPOTTI / c / 
(2 x2) ] / is obtained from the substrate temperature of 150 degrees C in a 320-degree C field by 1. In such a field, only 
the front face it was ruined in respect of D group stabilization is obtained. Device structures, such as laser structure, n d 
a flat thin film with a single crystal. Moreover, growth in the low state is [ the viewpoint which makes the resistivity of P 
type low to substrate temperature ] relatively desirable (R. Park, Jurnal of Vacuum Science and Technology A Vol.10, 
pp.701 -704. 1992). 

[0038] The above thing shows that growth on the conditions of Field I is desirable. In order to realize growth on the 
conditions of Field I, moreover, it is necessary to set up a ratio (JSe/JZn) more greatly than 1 and to make substrate 
t mperature into within the limits from 200 degrees C to 400 degrees C. If based on the graph of drawing 9 , it will be 
pr dieted that it is not desirable to grow up a ZnSe single crystal thin film by using a ZnSe compound as a raw material. It 
is because molecular-beam intensity-ratio JSe/JZn will be fixed to 1 when using a ZnSe compound as a raw material. 
S tting an intensity ratio as a range which fills up a separate heating evaporation source with the raw material of a thin film 
for every composition element, and adjusted and described each molecular-beam intensity above under such prediction 
conv ntionally has been performed. However, according to the experiment of this invention person, even when a ZnSe 
compound is used, it turns out that a streak (1 [ 2x) ] RHEED pattern is observed, and a flat crystal growth is realized in 
resp ct of VI group stabilization. Drawing 10 shows the outline of the experimental result. Thus, when a ZnSe compound 
was used, in spite of having fixed molecular-beam intensity-ratio JSe/JZn to 1. the streak (1 ['2x) ] RHEED pattern was 
observed at 100 degrees C from the substrate temperature of 150 degrees C. In addition, the growth temperature of the 
m thod of this invention made it clear that the range of 100 to 400 degrees C by which SUPOTTI or the pattern of V 
characters is not observed was also suitable from the experiment. 

[0039] The experimental result shifted was obtained from the conventional prediction why, or the reason is considered as 
follows. However, the growth mechanism by this invention was not necessarily still solved, 
f [0040] 196 degrees C which is near the temperature usually used in the conventional method — the molecular-beam 

component from Metal Se — Se6:Se5:Se7:Se2:Se 8= 1:0.66:0.28:0.1 1:0.04 — it consists of ratios this — for example, — 

H.Cheng t al. Journal of Vacuum Science Technology B It is reported to Vol.8, pp.1 81 -186. and 1990. 

[0041] However, when the polycrystal compound AB containing VI group element B is used as a raw material of MBE, this 

compound is sublimated as shown in a lower formula, and forms a molecular beam. 

[0042] 

AB -> A + 1 / 2B2 (1) Here They are A=Zn, Cd. Mg and Hg (II group element). B=S. and Se and Te (VI group element). This 
is r ported to for example. T.Yao, Researches of the El ctrotechnical Laboratory No.854, 1985, and p.23. Therefore, 
according to the crystal-growth method of this inv ntion, VI group element serves as a diatomic molecule. Since the 
molecule of VI group element used by this invention is a small molecule as compared with the molecule of the conventional 
molecular b am, reactivity increases. Therefore, a molecular-beam intensity ratio is considered that Se stabilization side 
was observed also for 1 like drawing 10 . 

[0043] If the temperature of the heating evaporation source for Metals Se is raised to 600 degrees C when Metal Se is used 
for a raw material, a molecular-beam component will be s t to Se5, Se2, Se6. Se7. and Se3 at many order (186 for example. 
H.Cheng et al. Journal of Vacuum Science Technology B Vol. 8. pp.181- 1990). However, by the time Se2 becomes a 
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principal compon nt like [ at th time of using a ZnSe compound for a raw material ], it will not r suit. Although low 
t mperature-ization of the growth temp ratur to 100 degr es C was attained wh n M tal Zn and Metal S made the 
h ating evaporation source the el vated t mp ratur and ZnSe was grown up (for xampl , M.Ohishi et al. Journal of 
Crystal Growth Vol.117, pp.1 25-128, 1992.), by th method of this invention which us s a compound as a raw material, the 
further low temperature-ization to about 50 d gr es C was attained. Th s rvice t mp rature of a compound polycrystal is 
high hundreds degrees compared with a m tal raw material, and, as for VI group el ment moreover contained in a molecular 
beam, it is consider d to b a r ason that a diatomic molecule is a principal component. 

[0044] Sine composition and carri r density of a single crystal semiconductor thin film ar sensitive to change of 
molecular-beam intensity, if at least one molecular-beam intensity is chang d among two or more vaporation sources, 
composition will change corr sponding to the chang . By change of th ratio (VI/II ratio) of the mol cular-beam intensity of 
S and Se which are furthermore VI group element, and the molecular-beam intensity of Zn and Mg which are II group 
element, the incorporation of donor nature or an acceptor nature impurity element is influenced, and has the trouble that 
carri r d nsity will change. For this reason, composition and the repeatability of carrier density improve, so that it is f w, 
th yield is improved, and the number of evaporation sources can reduce a device manufacturing cost. 
[0045] By the conventional method, since many heating evaporation sources were required, MBE equipment also had the 
troubl of having become huge and becoming high cost. If the number of heating evaporation sources can be reduced, it can 
respond with simple and small MBE equipment, and it will become possible to lower a manufacturing cost further. 
[0046] H reafter. the example of the crystal-growth method of a ZnMgSSe single crystal thin film, a ZnSSe single crystal 
thin film, and a ZnCdSe single crystal thin film is described in detail. In the following examples, each single crystal thin film 
was grown up on the GaAs (100) substrate using the MBE equipment of drawing 2 . Typical substrate temperature at the 
time of a crystal growth was made into 280 degrees C. 

[0047] (Example 1) The n type ZnMgSSe single crystal thin film was grown up by using a ZnSe compound, a ZnS compound, 
and Metal Mg as a raw material. The chlorine from ZnCI2 raw material was used for n type dopant (for example, KOhkawa et 
al. Journal of Applied Physics Vol.62, pp.321 6-3221. 1987.). 

[0048] Drawing 3 shows the photoluminescence (PL) spectrum measured from the n type ZnMgSSe single crystal thin film 
obtain d in this way. Measurement was performed by 12K. In PL measurement by 12K, band edge luminescence strong 
against 420nm was observed. The origin of luminescence is considered to be exciton luminescence (12) bound to the n utral 
chlorin donor. The bandgap energy of a ZnMgSSe thin film shown in drawjng_3 is 2.95eV in 1 2K, and is about 2.85eV at a 
room t mperature. In addition, this application specification shall define the bandgap energy of ZnMgSSe mixed crystal by 
th photon energy of band edge luminescence. 

[0049] The composition which the lattice constant's of a Zn1-YMgYSZSe1-Z thin film corresponded with the lattice 
constant of GaAs, and was searched for from Okuyama's and others graph (H. drawing. 1 and drawing.3 of Okuyama et al. 
Journal of Crystal Growth Vol.1 17. pp.139-143. and inside (1992)) is Y= 0.07 and Z= 0.18. In order to obtain the Zn1- 
YMgYSZSe1-Z thin film of this composition at the growth temperature of 280 degrees C, molecular-beam intensity was set 
to P(ZnSe) =1.75x10-6Torr, P(ZnS) =9.0x1 0-7Torr, and P(Mg) =2.5x1 0-8Torr. This molecular-beam intensity is the value 
measured with the flux gage. During growth of a ZnMgSSe thin film, the temperature of an evaporation source was 
controlled so that each molecular-beam intensity became fixed. On condition that this example, the growth rates of a 
ZnMgSSe thin film were 0.63 micrometer/h. 

[0050] (2x1) and c (2 x2) were intermingled, and the RHEED pattern under growth was presenting the streak more beautiful 
than the arly stages of growth to the last of thickness growth of 1 micrometer. Streak RHEED shows surface flat nature 
and a thin film proves that the mirror plane was presented. Growth temperature was possible for the ZnMgSSe thin film of a 
single crystal in 100 to 400 degrees C. Moreover, in the low substrate, the growth rate needed to be lowered compared with 
the cas of high substrate temperature. 

[0051] (Example 2) In this example, the Zn1-YMgYSZSe1-Z single crystal thin film was grown up by using a ZnSe 
compound, a ZnS compound, and a MgS compound as a raw material. 

[0052] Although the lattice constant of the obtained Zn1-YMgYSZSe1-Z single crystal thin film was large 0.12% to GaAs. 
the full width at half maximum (full width at half maximum) of crystallinity in a 2 crystal X-ray diffraction method was as 
good as 64 seconds. The band gap of a single crystal thin film was 2.98eV in 12K. The composition was Y= 0.10 and Z= 0.20. 
Th molecular-beam intensity for acquiring this composition at the growth temperature of 280 degrees C was P(ZnSe) 
=1.25x10-6Torr. P(ZnS) =9.4x1 0-7Torr. and P(MgS) =2.8x1 0-8Torr. and the growth rate was 0.40 micrometer/h. 
[0053] The RHEED pattern under growth was a beautiful streak pattern with which (2x1) and c (2 x2) were intermingled. 
Th thin film front face was presenting the mirror plane. Moreover, the service temperature (1240 degrees C) of the MgS 
raw material for obtaining the above-mentioned molecular-beam intensity is about 1 000-degree-C elevated temperature 
compar d with the service temperature (250 degrees C) of Metal Mg. For this reason, if the temperature of a heating 
evaporation source is changed, molecular-beam intensity will also follow in footsteps quickly, and it will change. Therefore, 
by changing both the molecular-beam intensity of ZnS and MgS. it becomes possible to realize Grin structure where the 
band gap was changed gradually, making GaAs carry out grid adjustment. 

[0054] When using the metal Mg which is easy to oxidize, scaling of Metal Mg occurs with the moisture which remained also 
in the vacuum, and problems, like a molecular beam becomes is hard to be acquired may arise. However, in order to use a 
MgS compound instead of Metal Mg in the case of this example, there is such no problem. 

[0055] (Example 3) In this xample, th Zn1-YMgYSZSe1-Z single crystal thin film was grown up by using a ZnSe 
compound, a ZnS compound, and a MgS compound as a raw material. 

[0056] In accordanc with th lattice constant of GaAs, the crystallinity of the lattice constant of the obtained Zn1- 
YMgYSZSe1-Z singl crystal thin film was also good. Bandgap energy was 2.96eV in 12K. Composition of a thin film was Y= 
0.08 and Z= 0.19. The molecular-beam intensity for acquiring this composition at th growth temp rature of 280 degr es C 
was P(ZnSe) =1.55x10-6Torr, P(ZnS) =9.0x1 0-7Torr. and P(MgSe) =2.5x1 0-8Torr. and the growth rate was 0.50 
micrometer/h. 

[0057] The RHEED pattern und r growth was a beautiful streak pattern with which (2x1) and c (2 x2) were intermingled. 
The thin film front face was pr senting the mirror plane. 
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[0058] Since the service temperature (1 100 degrees C) of a MgS raw mat rial is about 850-degree-C elevated 
temperature compar d with the service temperature (250 d grees C) of M tal Mg, if the temp rature of a heating 
evaporation source is changed, mol cular-beam intensity will also follow in footsteps quickly, and it will change. Therefore, 
bandgap energy b comes producible [ the Grin structur of changing gradually ], making GaAs carry out grid adjustm nt by 
changing both the molecular-beam intensity of ZnS and MgSe. 

[0059] Composition Y in a Zn1-YMgYSZSe1-Z single crystal thin film was able to be enlarged by str ngth ning molecular- 
beam intensity about Mg of the gap chosen from the group which consists of Metal Mg, a MgS compound, and a MgSe 
compound, or the on origin. In addition, composition Z was able to b nlarg d by strengthening molecular-b am intensity 
of ZnS. Th refore, composition of Mg and S was able to be changed in 0< Y<1 and 0< Z<1. 

[0060] Moreover, each mol cular—b am int nsity was able to be made regularity by fixing the temperature of ach heating 
evaporation source which paid each raw material of a ZnS compound. Metal Mg. a MgS compound, and a MgSe compound. 
However, in constant temperature, since molecular-beam intensity did not become fixed, the temperature of the heating 
vaporation source which put in ZnSe kept molecular-beam intensity constant by raising the temperature of a heating 
evaporation source with 0.01-degree-C inclination for /. 

[0061] (Example 4) In this example, the Zn1-YMgYSZSe1-Z single crystal thin film was grown up by using Metal Mg and 
ZnSX'Se1-X' (X-0.50) mixed crystal as a raw material. 

[0062] In accordance with GaAs. crystallinity of the lattice constant was also good. And the band gap was 2.94eV in 12K. 
The composition is Y= 0.065 and Z= 0.17. The molecular-beam intensity for acquiring this composition at the growth 
temperature of 280 degrees C is P(ZnSSe) =2.50x1 0-6Torr. It was P(Mg) =2.3x1 0-8Torr. and the growth rate was 0.55 
microm ter/h. The RHEED pattern under growth was a beautiful streak in mixture of (2x1) and c (2 x2). The thin film front 
fac was presenting the mirror plane. Composition Y of the Zn1-YMgYSZSe1-Z single crystal thin film obtained It is 
d pendent on growth temperature and molecular-beam intensity-ratio P(Mg)/(P(ZnSSe) +P (Mg)). Therefore, although it is 
hard to specify generally, in order to enlarge composition Y. it becomes possible by adopting high growth temperature or the 
aforementioned big molecular-beam intensity ratio. What is necessary is to set up growth temperature low or just to make 
the aforementioned molecular-beam intensity ratio small, in order to make composition Y small. Composition Z of the Zn1- 
YMgYSZSe1-Z single crystal thin film furthermore obtained It is dependent on composition X' of growth temperature and an 
ZnSX'Se1-X' mixed-crystal raw material. Therefore, although it is hard to specify generally, in order to enlarge composition 
Z. it becomes possible when low growth temperature or composition X' uses a big mixed-crystal raw material. What is 
nec ssary is to set up growth temperature highly or just to make raw material composition X' small, in order to make 
composition Z small. Thus, by changing composition X' of growth temperature, a molecular-beam intensity ratio, and a 
mixed-crystal raw material, the composition Y and Z of the Zn1-YMgYSZSe1-Z single crystal thin film obtained can control 
the range of 0< Y<1 and 0< Z<1. 

[0063] Moreover, growth of a Zn1-YMgYSZSe1-Z single crystal thin film is possible by transposing the metal Mg raw 
material of the aforementioned example to a MgS compound or a MgSe compound, and combining with an ZnSX'Sel- 
X' (0<X'<1) mixed-crystal raw material. Composition Y and Z can be controlled in 0< Y<1 and 0< Z<1 by changing 
composition X' of growth temperature, a molecular-beam intensity ratio, and a mixed-crystal raw material. 
[0064] (Example 5) In this example, a Zn1-YMgYSZSe1-Z (0< Y<1 and 0< Z<1) single crystal thin film is producible by using 
Znl-Y'MgY'SZ'Sel-Z' (0<Y'<1 and 0<Z*<1) mixed crystal as a raw material. 

[0065] although it is hard to specify composition Y and Z generally in order to be dependent on substrate temperature 
Y>Y' and Z<Z' — it becomes a relation In the range of 400 degrees C, the attachment coefficient of that the attachment 
coefficient of Mg is high compared with Zn and S is because it is small compared with Se from the substrate temperature of 
100 degr es C. It grew up on the substrate heated from 200 degrees C to 350 degrees C, using Znl-Y'MgY'SZ'Sel-Z* (0.02 
<=Y'<=0.08 and 0.30 <=Z'<=0.60) mixed crystal as a raw material. Although it is hard to specify composition of a Zn1- 
YMgYSZSe1-Z single crystal thin film generally in order to be dependent on substrate temperature, it becomes the range of 
0.05<=Y<=0.15 and 0.10<=Z<=0.25. The ZnMgSSe thin film of this composition has the band gap of 77K in the range of 2.85 
to 3.10eV. and the reduction in resistance is possible for it by impurity addition. The lattice constant of the film furthermore 
obtained becomes what excelled [ ZnSe / GaAs or ] also in crystallinity soon. Therefore, the ZnMgSSe thin film of this 
composition is very important as a device component. And since a ZnMgSSe mixed-crystal thin film is producible in this 
invention with one raw material, it is a method with repeatability very simple high again. 

[0066] (Example 6) In this example, the additive-free ZnSSe single crystal thin film was grown up using the ZnSe compound 
and the ZnS compound. Drawing 4 is the photoluminescence (PL) spectrum measured from the additive-free ZnSSe single 
crystal thin film. In PL measurement by 12K. 12 luminescence is observed by 436.5nm at free exciton luminescence (EX) and 
437.3nm. That EX luminescence is dominant means that the ZnSe compound and ZnS compound which are a raw material 
are a high grade in the obtained ZnSSe thin film and the row. 

[0067] Composition of the obtained ZnSXSe1-X thin film is X= 0.065. and the molecular-beam intensity of one growth 
condition for acquiring this composition is P(ZnSe) =1.75x10-6Torr and P(ZnS) =3.5x1 0-7Torr at the substrate temperature 
of 280 degrees C. Composition X is substrate temperature and a molecular-beam intensity ratio. It is dependent on P(ZnS)/ 
(P(ZnSe) +P (ZnS)). Composition X will become small if substrate temperature becomes high. Moreover, composition X will 
become large if the aforementioned molecular-beam intensity ratio becomes large. That is. it is necessary to make P (ZnS) 
of the aforementioned molecular-beam on-the-strength example smaller than 280 degrees C at low growth temperature. By 
doping chlorine or nitrogen to ZnSSe under growth, n type or p type conduction is controllable. 
[0068] (Example 7) In this example, the ZnSXSe1-X (0< X<1) singl crystal thin film was grown up. using ZnSX'Sel- 
X' (0<X'<1) mixed crystal as a raw material. 

[0069] although it is hard to sp cify composition X generally in order to be dep ndent on substrate temperature X<X — ' 
— it becomes a relation In the range of 400 degrees C, the attachment coefficient of S is because it is small compared with 
Se from the substrate temperature of 100 degrees C. 

[0070] In this xample. ZnSX'Se1-X' (0.08 <=X'<=0.40) mixed crystal is used as a raw material. (Example 8) And grew up the 
ZnSXSe1-X single crystal thin film on the substrate heated from 200 degrees C to 350 degrees C by mol cular-beam on- 
the-strength P(ZnSSe) =2.0x1 0^6Torr. Although it was hard to sp cify composition of the obtained ZnSXSe1-X single 
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crystal thin film generally in order to be depend nt on substrate t mp rature, it became th rang of 0.03<=X<=0.10 in this 
example. Sine the I attic constant of th ZnSSe thin film which has this composition has near and the outstanding 
crystallinity in the lattice constant of GaAs. it is very important as a device component. According to this example, since a 
ZnSS mixed-crystal thin film is producible from one raw material, r peatability is highly simple v ry much again. 
[0071] {Example 9) In this example, a ZnMgSSe clad layer (thickness : 1 microm t r). the ZnSS light-guide layer 
(thickness : 0.1 micrometers), the ZnCdSe barri r layer (thickn ss : about 20nm or less), the ZnSSe light-guide layer 
(thickness : 0.1 micromet rs), and the ZnMgSSe clad layer (thickn ss : 1 microm t r) were grown up continuously, and laser 
structure was form d. 

[0072] Although th ZnSSe thin film and ZnMgSS thin film which w re obtained are carrying out grid adjustment at the 
GaAs substrate, rather than GaAs, a ZnCdSe barrier layer has a large lattice constant, and has not carri d out grid 
adjust m nt at a GaAs substrate. The thickness of a ZnCdSe thin film is thinly set as the grade by which a defect is not 
introduc d into a ZnCdSe thin film. Although it is hard to specify the thickness of the Zn1-WCdWSe thin film into which a 
d feet does not go generally depending on composition W, it is about 20nm or less. 

[0073] The room temperature band gap (Eg) of composition W and a ZnCdSe thin film is prescribed by the lower formula. 
[0074] 

Eg(W) / [ lectronu-volt] =2.635-1 .235W+0.30W2 -(1.07+W) (0.04+W)/(7.22-W)/(14.89+W) (2) The value of Eg is made equal 
to the en rgy of laser oscillation wavelength. By the formula (2), the thickness of a ZnCdSe thin film is assumed to be 5nm 
or more, and the blue shift of the laser oscillation by the quantum effect is not taken into consideration. It depends for 
composition W on the intensity ratio of Cd related molecular beam and the molecular beam of a ZnSe compound like 
drawing 5 . In this example, it grew up by fixing the molecular-beam intensity of ZnSe to P(ZnSe) =1.75x10-6Torr. and fixing 
substrat temperature to 280 degrees C, respectively. 

[0075] When Metal Cd and a ZnSe compound are used, as for composition W. a molecular-beam intensity ratio changes 
linearly in the field of P(Cd)/(P (Cd) +P (ZnSe)) <=0.2. However, since the competition to which it is going to locate a 
molecular-beam intensity ratio in II group site in 0.2 or more fields takes place between Cd and Zn, composition W shows a 
saturation inclination. Therefore, according to the method of this example, when obtaining the ZnCdSe thin film which has 
composition of the W= 0.2 neighborhood, even if it changes the molecular-beam intensity of each heating evaporation 
source, a ZnCdSe thin film with sufficient composition repeatability is obtained. 

[0076] When a CdSe compound and a ZnSe compound are used, in arbitrary molecular-beam intensity-ratio P(CdSe)/(P 
(CdS ) +P (ZnSe)), composition W changes linearly. Since Se is fully supplied with the CdSe raw material, competition does 
not take place between Cd and Zn and composition W does not show a saturation inclination. If the method of this example 
is us d, the composition W of a ZnCdSe thin film is freely controllable by the aforementioned molecular-beam intensity 
ratio. Moreover, the burst which takes place by opening and closing of a cell shutter stabilizes the molecular-beam intensity 
from a CdSe compound within 1 minute small with about 1% to stable intensity like drawing 6 . Therefore, it is suitable for 
producing the multiplex quantum well (MQW) structure which introduces two or more ZnCdSe thin films of the same 
composition into a barrier layer. 

[0077] Furthermore, when Zn1-WCdWSe (0<W<1) mixed crystal was used as a raw material, the Znl-WCdWSe (0< W<1) 
singl crystal thin film has been **(ed) in 400 degrees C from the substrate temperature of 100 degrees C. Composition W 
showed the value almost equal to the value of composition W. 

[0078] Drawing 7 shows the doping condition dependency of the carrier density in the n type ZnSXSel— X (0.05< X<0.08) 
single crystal thin film which used Metal Zn, Metal Se, and the ZnS compound as the raw material, and produced them, and 
the n type Zn1-YMgYSZSe1-Z (0.05< Y<0.08 and 0.1 3< Z<0.20) single crystal thin film which used Metal Zn, Metal Se, Metal 
Mg, and the ZnS compound as the raw material, and produced them. Here, doping conditions mean the temperature (TCt) of 
the vaporation source with which ZnCI2 was filled up. 

[0079] On the other hand, drawing 8 shows the doping condition dependency of the carrier density in the n type ZnSXSel - 
X (0.05< X<0.08) single crystal thin film which used the ZnSe compound and the ZnS compound as the raw material, and 
produc d them, and the n type Zn1-YMgYSZSe1-Z (0.05< Y<0.08 and 0.1 5< Z<0.18) single crystal thin film which used the 
ZnS crystal. Metal Mg, and the ZnS crystal as the raw material, and produced them. 

[0080] Compared with the thin film of drawing 7 , the variation in the carrier density of the thin film of drawing 8 is 
und rstood that it is small and repeatability is high. 

[0081] Moreover, although the stacking fault suited -0.2 to +0.2% of range in the case of the thin film of drawing 7 , in the 
case of the thin film of drawing 8 , the stacking fault suited -0.12 to +0.12% of range. That the variation in a lattice constant 
is small shows that the variation in composition is small. According to the crystal-growth method of this invention, since 
variation in composition was made small, it became clear that a lattice constant and the repeatability of carrier density are 
very high. However, the width of face of gap of composition by change of molecular— beam intensity changes with MBE 
equipment. Therefore, although the grade of the improvement cannot generally be specified, if it is the same equipment, it is 

xpectabie by using the crystal-growth method of this invention that repeatability improves rather than the conventional 
method. 

[0082] Although this example attached and described only the n-type semiconductor which doped CI, it is distinct that the 
repeatability of carrier density improves about other donor nature impurities, such as Ga, In, aluminum, Br, and I. Moreover, 
it is distinct that the repeatability of carrier density improves also in the p type semiconductor by the acceptor nature 
impurity addition by N. As, and P. 

[0083] (Exampl 10) N xt. how to manufacture s miconductor laser using the crystal-growth method by this invention is 
explained, r ferring to drawing 1 1 . Drawing 1 1 uses the ZnMgSSe single crystal thin film, the ZnSSe single crystal thin film, 
and th ZnCdSe singl crystal thin film for the clad layer, light-guide layer, and barrier layer of a semiconductor laser 
element, respectively. 

[0084] In this xample, MBE equipment similar to the MBE quipm nt shown in drawing 2 was used. According to the 
conventional method, the raw materials to b used w re Metal Zn. Metal Se. M tal Cd. M tal Mg. Metal Te. a ZnS crystal, 
nitrogen gas, and a zinc chloride (ZnCI2) (for example. S.Itoh t al. Japan se Journal of Applied Physics Vol.32, pp.L1530- 
L1532, 1993.). Thus, eight kinds of raw materials are r quired of the conv ntional method. However, according to the 
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method of this xampl , it ends with sev n kinds of raw materials so that clearly from drawing 2 . n typ and p type carri r 
density are controll d by CI doping by ZnCI2, and N doping by nitrogen plasma, resp ctively. 

[0085] First, it is an n typ GaAs:Si buffer lay r (0.45 micrometers of thickness) on th n type GaAs substrate 11. Nd- 
Na=2x1018cm-3 12. an n type ZnSe:CI contact layer (30nm of thickness) Nd-Na=6x1017cm-3 13, an n type ZnMgSSe:CI 
clad layer (0.8 micrometers of thickness) Nd-Na=4x101 7cm-3 14. an n type ZnSSerCl light-guide layer (85nm of thickn ss) 
Nd-Na=1x1017cm-3 15. a quantum well barrier lay r (Zn0.65Cd0.35Se quantum w II layer (well width of face of 2.4nm)) 
Four layers, the ZnSSe barrier layer (width of face of 3.4nm. three layers) 16. a p typ ZnSS :N light-guide layer (85nm of 
thickness) Na-Nd=1x1017cm-3 17, a p type ZnMgSS :N clad layer (0.8 microm ters of thickness) Na-Nd=3x1017cm-3 18, a 
p type ZnSe:N contact lay r (40nm of thickn ss) Na-Nd=7x1017cm-3 19, a p typ ZnS :N/ZnTe:N superlattice contact 
lay r (2nm of each thickness) 20 p riods, Na-Nd=1x1018cm-3 20. and the p type ZnTe:N contact layer (37nm of thickn ss. 
Na-Nd=2x1019cm-3) 21 are grown epitaxially one by one. Preferably, these epitaxial growth is continuously performed 
within the system with which the MBE equipment for growing up a GaAs baffy layer and the MBE equipment into which an 
II-VI group semiconductor layer is grown up were connected by the vacuum tube. 

[0086] In this example, the following raw materials were used as a raw material of each semiconductor layer. That is. the 
raw material of a ZnSe layer is a ZnSe polycrystal compound. The raw materials of a ZnMgSSe layer are a ZnSe polycrystal 
compound, a ZnS polycrystal compound, and Metal Mg. The raw materials of a ZnSSe layer are a ZnSe polycrystal 
compound and a ZnS polycrystal compound. The raw materials of a ZnCdSe layer are a ZnSe polycrystal compound and a 
CdS polycrystal compound. 

[0087] In this way. the ZnMgSSe thin film and ZnSSe thin film which were formed are carrying out grid adjustment at the 
GaAs substrate 1. The band gap of a ZnMgSSe thin film is 2.83eV at a room temperature. 

[0088] Next, p type contact layers 19-21 are **********ed in the shape of a stripe with a phot lithography technology. 
After the crevice formed by etching is fill uped with an insulator. The vacuum evaporation© of the Au electrode 22 is 
carri d out. The In electrode 23 is formed in the rear face of a substrate 21. In this way. electrode stripe type 
semiconductor laser is obtained. The resonator of semiconductor laser is formed of a cleavage. 
[0089] When the voltage of about 13 V was impressed in the shape of a pulse between the Au electrodes 22 of 
semiconductor laser and the In electrodes 2 which are shown in drawing 1 1 . about 88mA current was able to flow and the 
laser b am which is the wavelength of about 518nm was able to be obtained. Measurement temperature is a room 
temperature. The optical output exceeded 100mW in respect of one end like drawing.!.? . Although the crystallinity of a 
ZnMgSSe clad layer, a ZnSSe light-guide layer, and a ZnCdSe barrier layer appears in laser oscillation enough and a certain 
thing is r quired, it sets to the method of this invention. It turns out that the crystallinity is acquired. Moreover, although 
some same structures were produced, threshold current shows the almost same value and is checking that repeatability is 
high. In addition. Cd composition of a barrier layer is W= 0.35. Laser oscillation is carried out by 518nm of short wavelength 
from the wavelength of 555nm expected from a formula (2). The reason has well layer thickness very as thin as 2.4nm, and 
is because the blue shift by the quantum effect arose. 

[0090] In this example, although a ZnSe compound, the ZnTe compound, the ZnS compound, the CdSe compound, and 
Metal Mg were used as a main raw material, this invention is not limited to these raw materials. Namely, even if a ZnMgSSe 
singl crystal thin film uses three kinds, any one of a MgS compound or the MgSe compounds, a ZnSe compound, and a ZnS 
compound, as a raw material or only ZnMgSSe mixed crystal is used for it as a raw material by using two kinds, any one and 
ZnSSe mixed crystal of Metal Mg, a MgS compound, or a MgSe compound, as a raw material, it can grow with sufficient 
repeatability. Even if a ZnSSe compound is used for a ZnSSe single crystal thin film as a raw material, it can grow with 
sufficient repeatability. Even if only a ZnCdSe compound is used for a ZnCdSe single crystal thin film as a raw material by 
using M tal Cd and a ZnSe compound as a raw material, it can grow with sufficient repeatability. 
[0091] 

[Effect of the Invention] As mentioned above, this invention makes it possible to realize a crystal growth for a ZnMgSSe 
singl crystal thin film, a ZnSSe single crystal thin film, and a ZnCdSe single crystal thin film by high composition 
repeatability, high carrier density repeatability, and the low cost, and its repeatability is good and it supplies the device 
which consists of such material to a low cost. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this trans I at i n. 

1. This document has b en translated by computer. So the translation may not r fleet th original pr cis ly. 

2. **** shows th word which can not b translat d. 
3.1n the drawings, any words ar not translated. 



DESCRIPTION OF DRAWINGS 

[Brief D scription of the Drawings] 

[Drawing 1] The structure section view ** type view of conventional MBE equipment. 
[Drawing 2] The structure section view ** type view of the MBE equipment used by this invention. 
[Drawing 3] The graph which shows PL spectrum of the CI dope ZnMgSSe thin film in 12K. 
[Drawing 4] The graph which shows PL spectrum of the additive-free ZnSSe thin film in 12K. 

[Qrawing_5] Composition W and the molecular-beam intensity ratio (P (Cd) graph which shows the relation of /(P (Cd) +P 
(ZnS )) and P(CdSe)/(P(CdSe) +P (ZnSe)).) of a Znl-WCdWSe thin film 

[Drawing 6] Drawing showing change of the CdSe molecular-beam intensity by shutter opening and closing. 

[Drawing 7] The graph which shows the doping condition dependency of the carrier density of the n type ZnSSe thin film 

(whit round head) produced by the conventional method, and an n type ZnMgSSe thin film (black dot). 

[Drawing 8] The graph which shows the doping condition dependency of the carrier density of the n type ZnSSe thin film 

(whit round head) produced by the method of this invention, and an n type ZnMgSSe thin film (black dot). 

[Drawing 9] The graph which shows the dependency over the molecular-beam intensity ratio (JSe/JZn) and substrate 

temp rature of a RHEED pattern which were obtained from the ZnSe thin film front face under growth by the conventional 

method. 

[Drawing 10] Drawing showing the substrate temperature dependence of the RHEED pattern obtained from the ZnSe thin 
film front face under growth by the method of this invention. 

[Drawjng.ll] The structure section view of semiconductor laser which manufactured using the method of this invention. 
[Dra wing 12] The graph which shows the optical output-current characteristic of the semiconductor laser of drawing 1 1 . 
[Description of Notations] 
1-6 Heating evaporation source 

8 Plasma Cell 

9 Substrate Heating Mechanism 

10 Substrate 

1 1 N Type GaAs Substrate 

1 2 N Type GaAsrSi Buffer Layer 

1 3 N Type ZnSe:CI Contact Layer 

14 N Type ZnMgSSe:CI Clad Layer 

1 5 N Typ ZnSSe:CI Light-Guide Layer 

16 Quantum Well Barrier Layer 

1 7 P Type ZnSSe:N Light-Guide Layer 

1 8 P Type ZnMgSSerN Clad Layer 

19 P Type ZnSerN Contact Layer 

20 P Type ZnSe:N/ZnTe:N Superlattice Contact Layer 

21 P Type ZnTerN Contact Layer 
81 Nitrogen Gas HOMBE 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translat d. 
3.1n the drawings, any words are not translated. 
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(2) 

J 

fcaftsnfeftna*-- ootmt, z 
■^n-enasafsxg^ 

oT> Hn^UfcS«±lCZnt-TMgy Si S e»-i (0<Y 

<i*^o<2<i) 3usa»BS£ieaj&&sia:sxg£, 

[$1^2] ^SMg, MgSfc^fr&I/MgSeft; 10 
nSi-Sei-i- (0<X*<1) satSS«J*<olloJfR^S 

■fc-^n-^ftasKfaxg t> 

ol, Jn«iUfeS«i:lCZrii-iM8iSiSei-i (Off 
[S&3&E3 3 Znt-y Mgi- St- Sei-t- (0<Y'(1 

o <r < i ) masua^siHiiisiicsfcar sxet. 

ot, ftlSftLfcS«-hfcZnT-iMgT Si S ei-i (0<Y 

ua^cxzu) mn£ft»K*^a«fi*-&sxsi, 
£&£-r**£a£fefr*fc. 

[R#3S4 3 Z nw Mgi- St- S ei-t- (0. 0 2 
^'^0.08^0.30^^0.6 0O{ga^^lf2 
Jn&SfEiKICSfcgtU Zn..iMgiStSe..i (0.0 
5^Y^0. 1 5*^0. 10^0. 2 5) Jft&a&g 

[g|*«53 ZnSeM*WZnSft^«!S»l 

*<7>ira&j8f£i£K5fcKT*xg<h. 30 

ot, MtfcSfi±fcZnSiSei-i (0<X<1) J* 

^a^m^a^fi^ii^xsi, s^-rsisa^fi 
as. 

[K*3B61 ZnSiSei-x- (0 <T < 1 ) igUSria 

^^t-^-rsxgt> 

oT, iniglbtSSltZnSjSet.i (0<X<1)# 

isa»jR*fea«s*-&sxgi:, s^-r**sa«s 

[BS3fcB7] ZnSx Sei-x- (0.0 8^X^0.4 

0) iga*lniSS*aE»iSt*«b. lin^L,>tSS±.icZn 
SiSei-x (0.0 3^0.10) ^SK^g 

tl»*«8] &JgCd. CdSeft^«W>63&:5^ 
^IRl&fiin^-OCSfii:, ZnS e{b-&t^»J* 

©upjRas»sit-tn^n*«[-rsxgfc, 

-?T. lD^bfcS«±»CZni-» Cdt S e (0<W(1) 

*tea?iia*ieajafi$^sfeai3Sfi*ft. 00 
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2 

l»*«9') Zm-f Cdt- Se (0<W* (1) jgaS 
oT> lDS!&b&S«JiirZ ni-i Cd, S e (0<¥<1) 

im&m i o ) gtnajjqgaufcssoiaag* ioot*> 

&4 0 0^<0«SHrtfcR^-r*Sf^lA^Sf*«9O 
FJtJlflEl 1] K^l~9lCK«0^a^^3S«: 

fflv>r¥isa»Bi?£»j«r-5x@*fi^rs*«#:^ii 

im^^ 1 2 ] 8 ftfctt 9 fc|B«<D*§fi*fcfi£ 

SSfflUT, Zni-.Cd.Se (0 <W< 1 )■ JM£a#K 

O^a^&^feSfflViX, ZnS.Sei-i (0<X<1) 

#&a»K*>&fca»M&jgjsu' *n\z&r>-ctt 

[«9I©1«&8BW] 

[00 0 1] 

[gg±<Z)fiJffl#g?] #3t1B3«, Zn,-tMgiSiSe 
i-i (E*T. TZnMgSSej iSTT) 
ZnSiSei-i (£iT, rZnSSej t»St) TO 
Sl&l^Zn^Cd.Se (£CF* TZnCdSeji: 

[0 0 0 2] 

[&*£>&%] ZnMgSSe, ZnSSe&tfZnC 

4£$#&ggtt, ^ilt^^y- CECF, TMBEj 

irtt, &«Zn, &JgCd, MMs« ^iSe. 

[0 0 0 3] ZnMgSSeM»MBE6T)S 
fi-TS*^ Kintf. ^RZn. ^SMg, 

MSe. &^ZnSib-&fe (ft*Vs«sm#:) 041 

Mj^ig^ & 4 ssco#^£g«^f^!~m&f-r 

ti, H.Okuyama et al. Journal of Crystal Grovt 
b Vol.117, pp. 1 3 9-1 4 3. -tLT S.Ito 

et al. JapaneseJoarnal of Applied Physics 
Vol. 3 2, pp.Ll 5 3 0-L1 5 3 2, 1 9 9 3 

[0 0 0 4] ZnSSe^ISS^MBESt^t 
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(3) 
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&KZn, ^SSe, K.EXZ n S{t-&®}03 

<D£5U&f£&ftm<D&&&te> #JA.tf. W.Xie et a 
1. Applied . Physics Letters Vol. 6 (K pp. 1 9 9 
9-2 0 0 1, 1 9 9 2\zm^tl-C^Z. 
[0 0 0 5] ff#F«nZnCdSeTOS 

^MCdC3 SSfc&Srbfc 3 Sojta&fBlfeiKKSfeBb 
&in^%2F^e>3a^(D^^Srgfe^i^^ir 10 

W.Xie et al. Applied Physics Letters Yol. 6 
0, pp. 4 6 3-4 6 5, 1 9 9 2 lcSB«£ftTUS. 
[0 0 0 6] 

fh&&mz&m-rzttii%M<om&&&i'\ z\n\$, *§& 
tttc«nfc¥tea»Ks^*fc*»ctt, *©»»©#•! 

m<o&m£G aft¥m<D&Bi<Dit cv/injt) a. *5 

1 0**&2 OOlBIBrtlCfeSCtdWSb^tSnT^ 
f&(D®ftT&tf/£fci£^£^fatc^ftbfc?), iiw 

zmSOHBti, ZnMgSSef 30 
ZnSS e#fefi»«ifcliZnCdS e# 

[0007] ttmvt* ±.&&m&m&?%?z#>\zi3.z 

[0 0 0 8] 

[gg^££?&-r&fc£>©#g:] :£SB9!©*§BJ£fi;frfe 40 
zmfr%M1R2titztotifr—'3<Dtt&&* ZnSeftt 

Ht4utl:«toT> Ml/tSfillCZm-iMgiS 
zSei-i C0<Y<1*^0<Z<1) m&tiM1gl&1&ik&3: 

[0009] *52K©«soieari£&*ft«. &«Mg, 



ftfeWtUfe— T5<OtfSt, ZnSrSei-r (0<X' ( 

\Z&iX, JH*ab;fcgt£±k:Z n , -t MgT S: S e 
i-i (0 <Y< 1.*^ 0<Z<1) ^SiSl^^M^t 

[0 0 10] *»BJ©flfioteadSS*fett, Zm-rM 
gi-SfSei-i- (0 <Y' <1*V3 0<Z» <1) jgSSUna 

i-tMgiSiSei-i (0(Y(1AOO(Z(1) JUlggftfit 

[0 0 11] fiFSb<ii, Zm-r Mgr Sz- S e t -r 
(0.02^Y'^0.08 fr-D 0 . 3 0 St S 0 . 6 0 0>zg 
SfcfiliKin&&K®fc3fe#U Zm-iMgiSi Sei-z 
(0.0 S^YsSO. 1 5*00. 1 0:SZ£0. 2 5) 3M3 

[0 0 12] *^W<7)ft&©i!efifiJtg^tt. ZnSeft 

:tl:^^T. MUtSSiilcZnSiSet.i (Off 
<1) #«S»RSfeSdcfiS*5l6t. £&-£rbT 

[0 0 13] ^^©ttOfSfaffiS^ftri, ZnSrS 

ei-r co <r (D jgs*tn^Kiistt5te«rsxs 

lCfcr>T, MbfcgfcLhlCZnS i Se.-i (0<X< 
1) ^Sl^^MfiStSIgi, £^LT* 

[0 0-14] JffSKIl ZnSrSew (0.08 

£fch)ZZ n SiSd-i (0.0 3^X^0. 10) ^ 

[0 0 1 5] *R§9©ffi©HSa^S>&fett,- ^iCd, 

c d s e tetsmfr & izz>n& e b&ftn*>— -d<dm 

tlCfcoT, tQ&bfcg&ilCZn.-i CdiS 
e (0<W(1) ^aWR^feS^SS^a&XSi:^ 

[0 0 16] ZitM-Cdi'Se (0(W <1) Sfi&fiB 

j»S5«iRtC3tea[-raxat, gin&s&fBiK©i&£xtf# 

m-fCdtSe (0 <W< 1) #INi*J8fclSSJ£fi£-& 

[0017] »^b<ii. WEin^b&steoiaK* i 

0 0t4»6 4 0 0«C©*8Hrt£K5rrS. 
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5 

COO 1 8] sMSWO^Sfl^etBRfc^ftB:, l&ffiilS 

[0 0 1 9] *5g|BOffi©^«{*^g<OK3i^«, 19 
fS^H^^^fe^ffiV^T, Zm-.CdtSe (0 <W< 

i) mm&wm*e>tLZ&?#f s m*m&is. sirE^s 

^^SSfflV^T, ZnSiSei-i (0 <X< 1) ¥j£Ji 
[0 0 2 0] 

[ftUH] MBEmOZnMgSSemSK^ 
[0 0 2 13 ( 1) ^MMg, MgSft^fe&^MgS 

e<t-&«3*^^a»36^B«*tifc^-rn^— "3, Zh 

[0 0 2 2] (2) ^iMg, MgSMMgS 

e ft&tt* 6 5a«i*nfcv>m*>-o. RIK 

ZnS S e igflO 2 M. 

[0 0 2 33 (3) ZnMgSSeiia. 

[0 0 24] ^©MBEffogSrCKt 4li (Zn, 
Se. Mg, ZnS*5WiS) 

62tc^ co sc ic is u» (D%m £ m m <duq f&m&m \z^m 

t>. ffitlfcteatt^^ns. ^-OSB&}±» ZnMgS 
Se^, gltSZnSSeR^ZnCdSell Ga 
As^iS^D. 1 1 i£5t 5£ COSH^&S £ V IBotSS^ 

[0 0 2 53 ^B^lCknii, MBE^SO&iDil^ 

felC, VI/IlJtl«W»J&O^IHJWfcl (^Mg^ffl 

nfflfcfcWipS^y^ffi&^mi&a^-LLT 
US. Mg©MibT, &JRMg«ffiU&»£fcW:& 
®M g ©&{ba*53Hfcfc*J&<, MgSft^^fdiMg 

[0 0 2 63 Z n S S e¥feI»K^S^f5l:IS 



(4) ^8-8 2 7 4 

[0 0 2 7] (1) ZnSefc^fttZnSft^ft©2 

as. 

[0 0 2 83 (2) ZnSSeflftO*. 
^*«3a3§ (Zn, Se, ZnS) "©Ig^A^STfe' 
Sfc**.6'lVCWfc**, *fgWTtt» l~2@3§COMft 

[ 0 0 2 93 *56W«. IIft&a^* < fcD : fe4>fcufc 

iranr us. m&&tf4>&<* u*» 

20 *>. IlC^TKlII-YI&ft^SfflUTUSfcfc. VI/II 
* U ^gcoSStfeOtft-hT*. ZnCdSe i£iS£JI» 

( 2 ) iw^-r^com*-^t>u©f5in^^^-r-5. 

[0 0 3 0] (1) ^Cd^^^ttCdSe^ro 
um^-r-3, ZnS eit^(D2Um. 

[0 0 3 13 (2) ZnCdS eit&CO*. 

[0 0 3 23 £c3fete3gg (Zn, Se, ZnS) COM 
8MBT»5t%A5hT^fc*J. #5293*Ctt, l~ 

fc^&u&fc, fajsssi&fcan-cus. 

[0 0 3 3) 

[#SiS«f] H2tt, *56Mlc±*4*»*»»oJ^ri6ic«[ 
ffi"T5MBEgiacO«EK««S^UTUS. 2 COMB 
E^E"C«, M^tLT, ZnSeft^, CdSefk 
^BMg, ZnTefb-&fe, ZnSftMK ZnC 

ft, M B E«BrtlCS!Wfc9J«<r ©Jn«&3«S58© 1 ~ 6 

«£fcfc.kDft&ftS (0?*.»£K.Ohk.awa et al. Japa 
nese Journal of Applied Physics Vol. 3 0, p 
P.L152-L155. 1991.) o MBEgSftlCte, 
Sttl O&0r^©iaffitCU33»UI6^'r-Sfc«)CO»«iDJ» 
««!9^gS:;t&hTua. MBE§£gC0W&te. 
>yiw«fcoT. 1 0-*~l 0- ,0 To r r ti-tCftSftS. 
pfflF-K^Sfrfc^TUSPm. 
T^5fcft, MB EggftCOJ^gEte, lxl0" 5 To 
4? r r^&lxlO-'Tor r©*SBBlr*4. 

[0 0 3 4] mmt(DTctb tZnSe 3¥.&&mgKD&& 

[0 0 3 53 *«Wcotea«fi^ffiTl±, ZnSejt^ 
MfitbtZnSe«iK$^T5. tCOfc 
26. Znco^^S (Ii.:l»WlciciiMcjR*-r* 
ZnlSC^S) bSetO&T-G&m Oi. ; 1 8>MK: 1 cb» 
l:«*t5S eSffe) Oit (Js./Ji.; Flux Rati 
o) 1 UlSS^n*. JintMUT, ftMZnStfft 
50 «Se*SJ*Ofin3»«HSfcjfiSJ«U «^JH8©3iafi: 
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His. 

[0 0 3 6] 09H &0SZnRtf&JSSe£giJ*©Jlll 
J»IS5£iSir^s«Lfc«'&lcfe^T, it. 

*5*U"CV**. 0 9 714. K.Menda et al. Jap 

anese Journal of Applied Physics Vol.2 6. L 

1 3 2 6. 1 9 8 7K&£SnTH<5. 
[0 0 3 7] tl&VsT. Offtt. Reflection High 10 

-Energy Electron Diffraction (RHEED) n$— >&c 
(2x2) £fc£&#£2IU •EPteRHEED/t£'-># 
(1X2) taa^SSUTt^. t«IStfIIIT 
RHEED/^->tiX h«J — ^JRtfcD, 

fcfe«#bTM5. ^ISBt&JfcJ&U T?£«ia& 1 5 0 
r*>&3 2 0"C0>®^-t?«, c (2x2) 0>7stit*jT4t5. 

6, S«S«*<«tf«£<£V»tt'a8T©j££**»£UV> 
(R.Park, Juroat of Vacuum Science and Technology 

A Vol.10, pp. 701-704, 1992) . 
[0 0 3 8] 6U:© ««IO*fr*C©^S*< 

■SKte. Jt (Js./Ji.) £l £D*>;*£-<lftj£U Vfr 
tjSffi©5E*2 0 0*036*5 4 0 0 , C^T?©^Hf^{--rS 50 #5 

t LTZ nSe - £##3: * 

AB — A + 1/2B 2 
££T A = Z n, Cd. Mg. Hg (IIJ^tc*) . B 
= S. Se. Te (VI&=tc3S) lOCtlt W 

T. Yao, Researches of the Electrotechnical L 
aboratory No. 854, 1985, -p.23l;:$g&SftTV><5. ft 
oT, *38W©«a^fe6rfet±nK, Vi8i7G*H:2Ijr 

•£-©&«>. ^?»aUEJt*«lTt», El 
[0 0 4 3] &JPJS e£jjK#CJfll»&»-&l:u ^SSe 

ffloM^ai©MK&6 o o , c«±tfsi, #™ 

^«^V>m^, Ses, Se*. See. Ser. RtfS 
e«£ft:5 (MfLM H. Cheng et al. Journal of 
Vacuum Science Technology B Vol. 8 » pp. 1 8 1 
-1 8 6. 1 9 9 0). LjfcU ZnSe^^M 
\zm ^fc«^<0± "5 13 S e 2 tf^f&frtCfcSS-efcteS 
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* ixft^t^si^ns. ft-tffte>, znseft^i 
mtVT&m-?zm&* £T»&£jtJs./j».a«i£® 

eiwai^ifc£K3£-r5iifc*«fTt)nT^fc. L^Lft# 

6, *^^#©^«fc«fcntf, ZnSeft^ftifflUfc 



«-&Tt>, (2x1) ©X t>U — ^ftRHEED/^— 

•5. :Oi5fcZnSefc^ttSffl^«&, ij-^sa 

SSI 5 0*C**S 1 0 0*CT, (2x1) 07hU-^ 
fcRHEED7^->j&*««!ISnfc. ft: 43. ^Ifc^. 

->^msjstiftvii o o*c*>S4 o oxzommfi&L 

[0 0 3 9] &*, (K*OTf i iBl3&>6ttmfc^lfeie**« 
#Stifc50\ *©Mtt, i&©±5lc#il-on£. fcrt: 

coo4o] tae*©^i£fc43vsT, amsnsss 

tf56-C&* 1 9 6t:T«. ^RSe3^6 0»?«W 
Se { :Se s :Se»:Sej:Se! = l:0.66:0.2 
8:0. 1 1:0. 0 4ft*tfc**C«fi£^nx^S- ZL<DZ. 
£14. tflAff E. Cheng et al. Journal of Vacuu 
m Science Technology B Vol. 8. pp. 18 1-18 

6,199 o.icfflfcsnw*. 
[0041] b*»u viwtm&tt-r 

A B£MBE©M**£bT/8V> E©flS:&« 
[0 0 4 2] 

(1) 

ZnSeMtSt, 1 0 0TC*T©^fiia«Offifi 
fl:*«WffitftS^ (fUiLtf H.0hishi et al. Journ 
al of Crystal Growth Vol. 1 1 7 . pp. 1 2 5- 1 
2 8. 1 9 9 2.), te-&ft£K#if S*5SW©#a 
T14 5 0TCg£*T©KfcSfii&fo&«*f6fcft:o&. fls 

<, L*»t>^™iC^*n5VIijOT3Btt» 2Jgf»W 
[0 0 4 4] ^teft¥*fr#Je<o»^^r U^SStt 

^©^Sfrl'ttiSLT 

ffl^seftbTLS-s, ssicvi^-s-cfcasfttfs 
e (D^=m.^B.Luwm^h^ znmfMEV>ft=m 

3&£©Jfc (vi/iitt:) ©gtblcJ^-c, — f£fc£t* 
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(6) 

9 

[0 0 4 53 «£*0*S-Cli ^<<OiU^«l581g*JSU 

[0 0 4 6] £IT% ZnMgSSeTOIl, ZnS 
S e JMSB»BM3«fctf Z nCdSe igi&ilSf£<Z)&&/£ 

CDMBE^g^fflVi, GaAs (10 0) ®S±lC&¥ 

«» 2 8 0tfctfc. 

[0 0 4 7] (^IfiWl) ZnSeM, ZnS-fb^ 
4&Rtf&«Mg&lfC?riL-T» nSZnMgSSe¥|g 
SSSK&Jfcfibfc. nIgrWt>M*. ZnChS^f 
*»&©ffiSS&ffl^& (09*. L Ottawa et al. Jou 
roal of Applied Physics Vol. 62, pp. 3 2 1 6 
-3 2 2 1. 1 9 8 7.). 

[0 0 4 8] BI3». I^Ui^ntnSZnMgS 

(PL) h;i/£^bTV^ 0 SJ5£te. 1 2KTfr 

frnfc. 1 2KTOPLia^Ttt, 4 2 0 nmfcl£V>A*> 

SSnSZnMgSSe «R©A> y 7x*J]/=¥ 
— te, 1 2 TCI* 2. 9 5eVTS>0. £i&-Ctt#52. 8 5e 
VT&*. fc±s> *mWfflWV\l., ZnMgSSegS 

[0 04 9] Zn.-iMgi Si S e i - 1 j$^CD&^5£& 
14, GaAs *0j6O^9 
7 (H. Okuyaaa et al. Journal of Crystal Grow 
tta Vol. 1 1 7. pp. 1 3 9-1 4 3, (1 9 9 2) 
H1R«H3) ^S**6tlfc«lfiJ6W:. Y=0.0 7 43<fc 
m=0.18T?$>^. uOaj$©Zm-!MgiSiSe 

i-tmm&i&&®.&2 8 oti?§5fc». a-TJgsiai 

P (ZnSe) =1. 7 5x1 0- 6 To r r, P (Z 
nS) =9. 0x1 O-'To r r, P (Mg) =2.5x10 
-'Torrtlfc. 2:©4HS»3fiffitt, 77-^^-^ 
-yTSl^^nitfit-C&S. ZnMgSSei«I 
COM, £#^^5&«-j£fc&*A3fc&$m<&Sg£ 
fflWL-ifc. *^»«fUO*fr-eii, ZnMgSSe» 
ffcfi38&l3:, 0.6 3 Min/hTffe-pfc. 
[0 0 5 0] jfcfi4»0RHEED/t^— (2x1) £: c 
(2x2) fcj&tgftLT43D, j£fiffltt£D»*l;im 

U — *fcRHEEDtt^mo¥Si££jSt* s fe«>*Tr*D, 

©ZnMgSSe»Jg&l4j£fii&g*U 0 0W400 
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[0 0 5 1] (^JS«2) *SI1SWC«, ZnSeft^ 

«u z n sft^ftfiirmg sft^s^fiti/T, z 

ni-jMgiSjSei-i^M^Uc. 
[0 0 5 2] #£>nfcZni-iMgiSi S ei-iJft&m 
KO^T^fttt, G a A s \Ztt LT 0 . 1 2 
*Sfitttt=teaX«[§I$T£l;::mtS=£te£ig (FWHM) tt 
6 4#«h&$?fc*><DT£c>fc. m*§iWB3«A*>h-^ 
y^lt 12KT2.9 8eYT*ofc. -^-CDlafSH:, Y= 

o. i o*«fciXz=o. 2 o-ca&ofc. j&&@£2 8 otn? 

COfiStS^SfcJ&O^ISliaaii. P (ZnSe) = 
1.25xlO-'Torr, P (ZnS) =9.4x10"' 
Torr, P (MgS) =2. 8x1 0 -'To r r 

[0 0 5 3] j£gef>©RHEED/^-->tt. (2ll)tc 
(2x2) t*t«g«Lfc&n^ft:Xh»J-^/^->T 

Tfta^s^sfcaexDMgs'iR^ofl^iaa (1240 

r) tt, ^SMgO^SS (2 5 0-0 Ktfc^Tfcjl 
l: Z n S Rtf M g S O^Mg 1 5 1 1 

GaAs i;ft?S^s^t3n> t y 

•5. 

[0054] K{fc^n^»-rv^«MBS«ffir-5»^ 

[0 0 5 5] (^J6«3) *^JfiWT«, ZnSeft-& 
4&. ZnSfc^fttfMgSefc£fc*J8C8fcL-T, Z 
m-iMgi Si S d-i^ilMUfc. 

[0 0 5 6] iSnJtZni-jMgiSzSei-j^Si 
R©»^»tt, GaAs ©teTJSSfctz— 

ore fctsfc. A*>H^^y^x^;v=^tt, 1 
2KT2. 9 6eVTS>ofc. Y=0. 0 8*5 

£tfZ=0. 1 9 £<Dita/££j£®i&g2 8 0*C 

-CS*fc»©$H?«MS£W:, P (ZnSe)=1.55x 
10- 4 Torr. P (ZnS) = 9.0x1 0~ T Tor 
r, P (MgSe)=2.5xl0-«Tor rTSO, j£ 
MffittO. 5 0 izm/hTfc^fc. 

[0 0 5 7] &fi*f»©RHEED/^->tt, (2x1) tc 

(2x2) ijW&ftUfctrnVifcXhU— 91*9 — >"C 

[0 0 5 8] MgS eKttag/Hi&S (1 1 0 0*C) 
li. &mMg<D®.m&8i (2 5 0*0 ICit^TiKj8 5 0 
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gS eCD5HH®^£# JltlCiO, Ga 
a s tc&^Jg^s-e^. n> K¥-V v ^X^A-Wffc 

[0 0 5 9] MMg, MgSfc-&%&tfMgSe<fb-& 

g , S: s ei-*#*£II£m4 j ©mj£Y£*i§KT*;i£: 
tf-V&rz. ZnSOimiii«S3l<t4i:t 
tcfcp. *ag£Z£;*:£<-r*;i£a*T#fc. Q>Z.\Z, M 
gtSO». 0<Y<1* 0(Z(KDS8H-C^fc2-&* 10 

[0 0 6 0] £fc, ZnSM, &JgMg. MgS-fc 
5^lr-T2> C Lrt>U Z n S e £Anfc 

zufr^tttb* o. o nc/»o«3Bat?jni^si«iE«) 
tas £ it-a - 1 1* «fc t^t^^s 

[0 0 6 1] ^Mgfe<t 2? 

yznSi-sei-r (x=o. so) msk&mmiisT, 

Zn.-iMgi S« S ei-i*ieH»IftS^£fil/fc. 
[0 0 6 2] #M0fcttG a A s IC— 
^feWTSofc. ^LT/OH^W^ai 2K*C2. 

9 4evc*-3fc. >toa«m*o. 0 6 5fe<fcm=0. 1 
7 T$5. j£^ia&2 8 0t:T;I©m^fc#Sfc^^>CD# 
: ?i8l&&teP (ZnSSe)=2.50xl0- 6 Tor 
r, P (Mg) =2. 3x1 0- 8 To r rTfeD, /££ 
ggteO. 5 5 iim/hT&^fc. /&g*©RHEED/^-> 
« (2x1) tc (2x2) OSfiT^nVs^X HJ— * 30 
-C$>ofc. »K^ffitt«ffi*MbTV>&. #£n*zn 

iWfiaSifcP (Mg) / (P (ZnSSe) +P 
(Mg) ) Ktftfrr*. *©fc«>-«KfcjebJBV»a*, 

& ^S2^T^S It £ Um t *> Z. £ \Z X -o T?JfB h. U 

s. !fij«Y?£/h$<-rsfc»tcttfiKfi®^&<g<Rje : r 
zii ^sia^^^znSx- set.x-jgais^oaja 40 

$ioii$Y. znoffd, 0<z<i w^&@£fcml-r* 
[0 0 6 3] £fcffifa^5M©&HMgIjS»£Mg S-ffc 50 



• SVittMgS eft-&«3tlg#lft^, ZnSx-Se 
i-i- (0<r (l) igftJgCB£&*#:btf*£ilw.k-3T 
Zm-iMgiSiSei-z ^|ga»Kco^*t pJIgT* 

WOW ^ft^-ti-^^tlZcfcDOOrd. 0(Z< 

[0 0 6 4] (HJ603 5) *HJS«Tii» Zni-r- Mg 
r Si- Sei-r (0(Y* <l«O0<Z' (1) @A£li(tt£ 
UT, Zm-iMgi Si S et-i (0 (Y( 1 0 <Z< 1) 

[0 0 6 5] *§j£y> z«ssiastft??-rafc»-«Efc 
«s£b*tv>#. y> y' &«fctfz<z- 

5. 0 0 t;x>&4 0 CCOSggSTfctMgCDtt 

*«&ttZnicH:^Tiasv^ti5«fcr;so^s«»tts 

elr*fc'<T/h£V*£:i&T&*. Zm-T-MgT- St- Se 
i-i- (0.02^Y'^0.08io0.30^Z'^0.6 

o) mgk&ffi&tvxmiK fr-z>2 o 0*0*^3 5 o*c 

fclflSKiSn&SfeilC^Lfe. Zn,-iMgi Sx S e 

fctt#-rs*:«>— irk 



afiLJBV^l. 0. 0 5^Y^0. 1 5iO0. 1 0^Z^ 
0. 2 5 (OfSHlCfc:-*. :oajSfflZnMgSSe»R 
£7 7KTCDA>H^^y^2. 8 5eVfrS3. 1 OeV 

<5." S 6 K# sn^KCft^ftttG aAs^>ZnSe 
£ift<aefite*>ffinfct>0i:fc*. i^cisiomffcwz 
nMgSS eWRfck ?W ^LTS&TE 
^ LT*SI9T?liZ n M g S S e 

[0 0 6 6] C^iSW6) *^JSWt?Ji, ZnSefl:-& 
^iJ^tf Z n Sfc^£Jf?^T*&jSsinZ nSS e 
*R*afil/t. H4H iSiDZnSSe#efi»R 

^5iB!i^*nfc7*h;ks*y-fe>^ (PD 

1 2KT<DPL81$rcte. 4 3 6.5na£S& 
Eiig^Srtft.(Ei) &&Zt4 3 7. 3 Mfc I » SKfoWBW 

SSem fe^l^-CfeSZnSe^^ 
Z n Sto&fta«ie5*Bgn?&* - t£S*UT^5. 
[0 0 6 7] #e.nfcZnSi S e,-i|?^©m^«> x= 
0.0 6 5TfeO, 

mt. S«t&^2 8 OtT^M^P (ZnSe) 
= 1. 7 5x1 0- f To r r*OP (ZnS) =3.5x10 

figjt P (ZnS) / (P (ZnSe) +P (Zn 

s) ) icfe#-r-5» s«ja«*<js<^*fcad6Xtt/hTS 

*T^t>^2 8 0 , Cit) 5 bfi^^S?aS-C 
tt» J!S8a4>TP||3fiftOTC0P (ZnS) <*T-5 
SSSSfcttSjS&JSJtS^OZnSSefcF 
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[0 0 6 8] (^JfiW7) ^iSWTtt, ZnSi- S e 

i-i- (o a 1 <d mgh&m&tvxm^T, znsis 

e.-. (0(XU) JtM£JlSIB&£j£fib;fc. 

[0 0 6 9] a^x^«iasicfe^r*&«)-«^a 

J£UJ8^*^ X<X' JiSHftt&S. S&i&JSl 0 0 
*Cx>6>4 0 Ot:©ttHTttS<0tt$Hfcftl3:S e I'it^T 

[0 0 7 0] (»8) *»TH ZnSrSe 
i-i- (0.08gX'g0.40) tUg^S^il/TiVi, 
fr-Oft=F-m&mP (ZnSS e) =2. 0x1 0- 9 To r 

rT2 0 3 5 0'ClC3raJ!a$nfcS«±tZ n S 

.Sei-j^M^Sl^ i5nfcZnS.Se 



24 



|-«5£U8V>J&*, *^JSW"Ctt, 0. 0 3^X^0. 1 0 

(Dm a icfc o &. c: * znsse 

^5£»tt, G a A s ©fc^JfcSfcilK . 

S. #H&#Brcfcntf, ZnSSegfl»JR£-r><Dia* 

Eg 00 /[eV3=2. 6 3 5- 1. 2 3 51+ 0. 3 0W 2 

- (1.07+f) (0. 0 4+1) / (7. 2 2-W) / (1 4. 8 9+1) 



[0 0 7 1] <^Jfi«9) *^JgfiSJT» t -ZnMgSS 
e95y (IPS : 1 urn) , ZnSSeW HJB 

(#£ : 0. 1 fim) . ZnCdSefg^S 0?$ : & 
2 0nmaT), ZnSS eftiM K@ OPS : 0. 1 
Mm) , Sl^ZnMgSS e^7*;Hl C^S : 1 m 

[0 0 7 2].»&nfcZn S S eSITOZnMgSS 
JO eiKliGaAsSgi:^S^LTV^dl, ZnCd 
SeffittBtt, GaAsit3WOT^<. Ga 
A sS£fcfe : ?fi&-&l,TV>ftn. »ZnCdSeI 

m\zmx^nu^nm\z. zncdseii©j?^# 

2 OmnETFTfeS. 

[0 0 7 3] g^W t Z n C d S e iliOSlA> H ^ 

CEg) Tsra^sns. 

[0 0 7 4] 



(2) 



•5. 5£<2)Tte. ZnCdSeHiO]?$li5nm£li 

#a:bT^^. *&j$wh\ bsojik* cdmmfr^ 

itZnSe fls^«50^«i<Z>»«H:lCfe?rr*. * 
^JS^TIi. ZnSeO»fW5P (ZnSe) = 
1. 7 5x1 0" 6 To r r \Z, 8 O^IC, 

[0 0 7 5] ^SCdtZnSeft^t!&I^ 50 

a^S&aSJfctfP (Cd) / (P (Cd) +P (Z 
nSe) ) £0. 2CD«J£T, l&jfcWtei&il&Wte^ffc-r 

fctM M:fiiii^t^«dtznt0pgT? 
jg^^fcft. fi«w»i«a«i«iRi*^-r- «£^x, w=o. 

2#jft£O^^TSZnCd SelKmi^ a*: 

S&UTfcSLj£¥f5[&&^ Z n Cd S e &n*. 
[0 0 7 6] CdSeft^ZnSeft^tS^H 

&M(DftTffc®m.ikP (CdSe) / (P (C 40 
dSe) +P (ZnSe) ) KfcHT. &j£WI£!&S§l$) 
\Z&ifrrz>. CdSe^C«tt>TSe*«-t-^{C«j|&$ 
ftT^ZTzib* Cd£ZnMi©|3]T7tt-&jWBJ:&*$\ 

<h, ^I^T^^ttTZnCdSe^JK^m^W^g 
aicftl»-r«>ilfc^"e#*. SfeCdSeM*^(D 

*A*-X h*«5fe£3fc&K:**t/T 1 X8ft&*3 < L*>t> 
l«-af*3C«Slfc-rs. ^rofc6M-&^cOZnCdS 



[0 0 7 7] Zm-f Cdr.Se <0(T <1) 

!lfiSlgfiil/Tfflt>fc«^ g£i&Sl 0 0*C36>6 4 
OOtOTTZm-.CdiSe (0 <W( 1 ) JiMgfiS 

[0 0 7 8] H7«, ^Zn, MSefcir/ZnS 
MOTllbT^SlfcniZnS, S ei-i (0. 
05(1(0.08) Mte&mmii* ^«Zn, ^RSe, 
^SM g*5<ktfZ n Sft-&«ifeJafit L/rf^»U&na! 
Zm-iMgiSiSei-i (0.05(Y(0.0 8*vp0. i 
3 <Z < 0 . 2 0 ) 4MgJ|»Ri::*5tt*** U ^m<D H— 

frtik znc ii*^«sn&3«56ag©afi (TcO 

■[0 0-7 91 —*. E81*. Zn'Seft^ftfeWZn 
S-ffc^fefcEIfHCL-TfeaiLfcnfflZ n S i S e 
i-i (0.0 5(1(0.08) 4Mga&fil£:« ZnSeg 

SJZ m-iMgi Si S ei-i (0. 0 5(Y(0. 0 8*T?0. 
15(2(0.18) ¥ISIi»^fc*tt***U-HBg©F 

[0 0 8 0] EI 7commzii:L El 8 ©»&®** U 1* 

[0 0 8 1] 0 7 ©»BI<Z)i§£, #^S*<-0. 

2 %*>>=, + 0. 2 XOiSBKfc-sfcrt*, 0 8O»K©« 
tft^Stt- 0.12X*»6+0.12X <oi&m\z$> 
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[0 0 8 2] #3li6flra±» C 1 £K-tr>^L&n® 
^gj^ro^^^XxE^fc^ Ga, In, A 1 , Br, I 

tt^^rSHtJiWfeA*"!?**. tifcN, As, PIC 

[0 0 8 3] (flJfiWl 0) HI lS^fiHLfe*« 

ZnMgSSe SMSIPSSI. ZnSSe 3M@i&Slfit. Z 
nCdSefjKSSR^l/TV^. 
[0 0 8 4] *mfi«Ttt, S2IC^TMBE^SI3^ 

m-rzmmte* ^izn. ^«se, ^cd, ^km 

g, &JgTe, ZnS^f B , ififlsM&J (ZnC 

li) T&ofc (09*.tf S.Itoh et al. Japanese 
Journal of Applied Physics Vol.3 2, pp.Ll 
5 3 0-L1 5 3 2. 1993.). Z<D£v\Z, $t&^ 

ZnC LiC£«C 1 H-tf>y j ebT^^7 r 7Xvlc 

[0 0 8 5] ngiGaAsgfcl 1 _hlZ, nIG 

aAs:SiA^77-S GBISO. 4 5 pa. N 4 -N. = 2x 
10 14 cnr 3 ) 1 2, ng/ZnS e:C I n>99 hM 

mm 3 Onm. Na-H. = 6xl 0 ".»"■)■ 1 3, nMZn 
MgSSe:Cl ?7-yFI (Ii0. 8 urn. Ni-N. = 4x 
10* t cht») 14, niZnSSe:ClWHi 

(K®8 5nm, Na -N.= lx 1 0" en 1 ) 15, ST#F 
feSS (Zno.65Cdo.i$Self#pl (#F*I2. 
4 db, 4g) , Z n S S e KtSS (4@ 3 . 4 nm, 3 
Jg) ) 16. pSZnSSe :NtE#< HS (^^8 5n 
m, N,-N 4 = lxl 0 17 cbj-») 17, pHZnMgSSe:N 
^7 5>HS (JR/9 0. N.-Na = 3il 0"cn- 3 ) 1 

8, pIZ n S e :NZI>^^ hjg (^J^4 Onm, N.-N< = 
7xlO l7 cu- 3 ) 19, pSZnSe:N/ZnTe:NSI& 
^n^fthm <&KJ?2nn, 2 0m N,-Na=lxl 
0 ,8 cnr s ) 2 0. pmZnU:Hn>?# hjg (i^37 
no, N.-N* = 2xl 0»cb-') 2 1 £H&fcXt!*^-WV 



9) &llf!¥ 8 - 8 2 7 4 

iff 

J*, GaAs;t?/7-fBS*fit5fcftOMBEKii 

[0 0 8 6] *^Jg«iJTtt. ^ftSOlfiiLT* 

te, ZrSe^JgftMTJbS. ZnMgSSelC 
ZnSe^l« ZnS^b« 
tf&JSMgT&S. ZnSSeM^li, ZnSe# 
JO *£fiffc£ft2fctfZnS£ieflte£&-C&*. ZnCdS 
ejg<£>®£m, ZnSe#^MSriCdSe#ig 

[0 0 8 7] £9bT»j£UfcZnMgSSe8K43«k 
tfZnSS eMIte. GaAsSKlte^fi^bTVi 
ZnMgSSej»ROA>H^y7*ttSfiT2. 
8 3eVT&£. 

[0 0 8 8] &tc, *h»J V£f7 7*-ftffiK:J:&, p 
I3>^hil 9-2 l&Xh^-ry^lCX-/^^ 

a? ft. Au««2 2&&£T*. £«2 lc&OTtcW:, I 
&mz&-3XJ&fc3EtlZ. 

[0 0 8 9] eii ic^sna tfoAums 2 
2 tinm@2 fcrorat-fcii 3 vrom£6^A;Px«icRJ2in 

T-Si:, *58 8mA<DS«E7^SKn, 5 18nraC 

7tdi7J«Sl 2^<)t»l 0 OmW u 
-1f^!;HZnMgSSei?7 7Hii5ir;ZnSS 
50 eTfcW-f H@*irJZnCdS egf4|ogaS« 

i&fiSte, W=0. 3 5T*0. it (2) £08^2*1-5 
£^5 5 5 nm'J:Dt>JS&fi©5 1 8 nmTl/- IfSSS 
l/T^5. ^OIEblt #FJ^CO^$j5t2. 4nrat# 

40 [0 0 9 0] ^JfiflJTtt, il^tLTZnSe^ 
Znlefc'&fe, ZnSft*«, CdSe-fb^fe, & 

S WiM g S e fc-^CD Wfn^-O iZnSeft 
^«jtZnSft^<Sj<7)3a«*SfitLT, £&»&JR 
Mgfe5^HMgSft^*fc5UttMgS eft^HlOU 
f tl^-O t Z n S S e EfiflD 2 §S$^ i: l/T, * 
fcliZnMgSS eEfi©*£E£flfcU-Cj8^-C i b?f3l 
ttft<fi£fir-5^t*<T€r<&. ZnSSe^SiK 
50 Zn S S e^OTtLTfflV>tt)»a< 
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£<£:a<Ti*S. Z n C d S e ^SSHiSBIte, & 
KCd:fe«fctfZnSe<fc-&ft£H&£LT. «J5SV>ra:Z 
nCd S eft^©^£JH&£bTm>Tfc?|§i&&< 

f&g-r * 

[0 0 9 1] 

ZnSSeWlIE ZnCdSefg 
[0^©flgi|£ftg&i£] 

[0 1 ) »M B E&fcCDffi&mffiW&jZm. 

[0 2] ^RETteffiTSMBEgHOttigBrffiBlSa: 

0. 

[El 3] 1 2Ri:^mc 1 H-^ZnMgSSe^ 
CD PL 7*19 hJl/^T^^. 
[04] l2XCi5^»ZnSSe»PL7 

[0 5] Zn.-.CdrSeSMK^SIStt: 20 
(P (Cd) / (P (Cd) +P (ZnSe) ) , P 
(CdSe) / (P (CdSe) +P (ZnSe) ) (D 

[07] «£**Si:iDfffibfenIZiiSSe»K 
(S^L) *3<ki;nS!ZnMgSSe»I CD^-r 

[08] *»?8©^ifefc«kDf^KUfcngaZnSSe» 

[01] 




N2 Cd Se ZnS 
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83 *itfnSZnMgSSe»R (HtfO CD* 

[010] *»W6O*^T«S«f60Z n S e 

[011] *&w<D%m*:m»Tmm\sZ:*mfri<-'4f 
[012] ki i<D¥mfti'-i?<»jfLmi3-m%Lft&& 

i-6 Jnnfe&sftg 

8 7*7X7^ 

9 g-Mtjutmm 

10 M 

1 1 nSGaAsgg 

12 nSGaAs:Si/^77-I 

13 nSZnSeiCln^^M 

14 nSZnMgSSe:C FJg 

15 nIZnSSe:ClM«fh*B 

1 6 

17 piZnSSe«KI 

18 pSZnMgSSe:!f?7yHJI 

19 pSZnSe:Nn>^^>i 

2 0 pMZnS e :N/ZnTe:NS^Tn>^i7 hji 
2 1 p^Z nlz:Kn>?t7 hJg 

8 1 



[02] 



KS*07 
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[03] 



CH4] 



l 2 =420nm (2.95QV) 



CI-doped ZnMgSSe 
12K 



Q- 



400 



450 



500 

(nm) 



550 



JO 



600 400 



E,=436.5nm (2.B406V) 



Undoped ZnSSe 
12K 



l2=437.3nm (2.S35eV) «s 



450 



500 550 
(nm) 



600 



[H6] 



0.3 



fc? 0.2 

O 



0.1 



[05] 



1 1 — 

Zn,_ w Cd,Se quantum well 



P(OJSe)+P(ZnS«) 




CdSe 



J£tl (Torr) ^ % Close. .Open 

3X10-7 Z^M-^-^-rJ-ri. 



0X10-7 



J I — L. 



0 1 2 3 4 5 



B#fg (minute) 



[09] 



[01 0] 



2D Liii'i"" ' !";'!'^ 1 i^ 1 '6' 6" > " U 



1.5 



3 1.0 



J05 
Q0 



• • J? O O 

^' • ,<♦*•'« ° ~ ° 

h -.-6"* OOO C> O «Mll2nS« 

o o fc E. 0~c{2x2)i 

o_ o d "8.o 8 '* 2 : 



: ° 
: o 



I. 
o o 



o o-p 



i . . . . t ■ . t ■ » 1 1 1 1 1 1 1 r i ,i i 



200 



300 ' 400 



500 



ftlSflK o 100 200 300 400 500 

(t) i ■ ' i i i 1 i 1 1 1 1 1 



RHEED 



0x1) 



<(2X2) 



U>*8 2««MK 
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[07] 



[08] 



10> 




10" 



2.2 



180 
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